Abstract-Commercial polyester (PET) suture is treated with silver nanoparticles (Ag NPs) for imparting antimicrobial properties to the sutures. In situ coating of PET suture surface was carried out by reduction of silver nitrate into nanosilver by ethylene glycol generated by alkali hydrolysis of PET. Silver nitrate was added with different concentrations. EDX and XRD patterns confirms the deposition of silver nanoparticles in the suture surface, the particles distribution was obvious in SEM pictures. The real amount of deposited silver determined by AAS. Also, the treated PET sutures give very good antibacterial effect against both S. aureus and E. coli.
I. INTRODUCTION
Nowadays, sutures are developed for tissue engineering and wound healing applications. Sutures are natural or synthetic fibrous materials in monofilament, multifilament, twisted, and braided form, which are widely used in wound closure, to ligate injured blood vessels and to draw divided tissues together [1] . Sutures can be divided into two types; those which are absorbable and will break down harmlessly in the body over time without intervention, and those which are non-absorbable and must be manually removed if they are not left indefinitely. Sutures can also be divided into two types on the basis of material structure i.e. monofilament sutures and multifilament or braided sutures. Monofilament sutures have interesting qualities such as strength, low tissue drag and a low propensity to harbor bacteria. Multifilament sutures (braided or twisted) are more manageable but it has been shown that they promote infection and tissue reaction braided suture can harbor bacteria in the interstices between its fibers, which keep the bacteria safe from phagocytosis. The cause of this performance is capillarity. Nevertheless, braided sutures are widely used in practice [2] . It has been accepted that the implantation of sutures increases the susceptibility of surgical site infections (SSIs) Surgical site infections occur when pathogenic organisms proliferate in surgical wounds, result in slow down wound healing, cause separation of the wound edges [3] . This property is inherent to multifilament sutures as a result of the loose interstices of their fibers. This disadvantage is real, since the idea of adding an antibacterial agent to the suture material has been considered. Antibacterial sutures, which are sutures coated with several agents such as antibiotics, were developed to help the wound healing by reducing the risk of surgical site infections. Nonetheless, the prolonged use of antibiotics will eventually lead to bacterial resistance and increase organism virulence [4] . Triclosan was used for coating poliglecaprone 25 suture reduce in vitro colonization of the suture by several strains of bacteria compared with untreated sutures [5] , and reduces SSIs after open vein harvesting [6] .
In recent years silver begun to be used as an antimicrobial agent which is proved to be an excellent solution to the potential problem of drug resistant strains. Unlike antibiotics, silver acts against the single celled organisms by destroying or deactivating the enzymes that allow oxygen intake of the organism. With this action the cell membrane is destroyed and due to this the organisms DNA cannot make replicas and possible resistant strains [7] . Indeed, with the advance in nanotechnology, silver can now be manufactured as silver nanoparticles (Ag NPs). This has on the one hand, effectively overcome the previous problem of toxicity of silver compounds. On the other hand, the large surface area to volume ratio of these particles can provide superior bacterial killing. So, silver nanoparticles was used for coating resorbable Vicryls and non-resorbable Mersilks surgical sutures in the form of silver-doped bioactive glass powder (AgBG) [8] . Silver nanoparticles capped with sodium alginate were deposited layer-by-layer on surgical sutures and it gives high antimicrobial activity [9] .
Polyester suture is a nonabsorbable, braided, surgical suture composed of Poly ethylene terephthalate (PET) having recurrent aromatic rings as an integral component.0 T Polyester suture has a very high tensile strength so it is used in tissue approximation with high security and prosthetic implants fixation with permanent support. 0 T PET fibers have a high resistance to chemicals together with low abrasion and shrinking properties.Polyester sutures are used for permanent, removable fixtures, cardiovascular surgery.
The lake of stability of metal nanoparticles on PET surface returns to the lake of functions groups on PET surface. So it can be chemically treated to increase the functionality of PET fibers. Alkaline hydrolysis is a chemical treatment that can be used for topochemical degradation of PET surface and introducing hydrophilic groups such as OH and COOH on the surface of the fabric to bind Ag NPs [10] .
In this work, PET sutures have been treated with Ag NPs by alkaline hydrolysis to increase the attachment between PET Inducing Antibacterial Activity of Commercial PET Surgical Sutures via Silver Nanoparticles suture surface and Ag NPs to impart antimicrobial properties. In addition, the properties of treated PET suture have been studied and reported.
II. EXPERIMENTAL WORK

A. Materials
Commercial green braided nonabsorbable 2/0 sterile PET suture was obtained commercially (DemeBOND, USA). Analytical grade chemicals, silver nitrate used as the silver source of Ag NPs (AgNOR3R, extra pure >99.8%, Sigma Aldridge), sodium hydroxide, were used in this study.
B. In Situ treatment of PET suture with Ag NPs
PET suture was treated with Ag NPs by impregnation in the mixture of 0.5 wt % of NaOH, and silver nitrate with three different concentrations. Then the mixture heated in the autoclave at 100 o C for 1h. Here after, the treated PET sutures with different concentrations (0.1 gm, 0.2 gm, 0.4 gm / 1000 ml), which can assigned by (PET1, PET2, PET3), respectively. Prior to the characterization and antibacterial test, the treated. samples were washed with distilled water and left for drying for 24h.
C. Surface Characterization
Morphological and structure analysis of row PET and Ag NPs coated PET suture were determined by Scanning Electron Microscope (SEM), Energy dispersive X-ray spectroscopy (EDX) pattern, X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR).
In order to examine the degradation effect on PET suture, the weight loss percentage (WL %) of sample was determined after treatment. To determine the actual amount of silver that present in the PET suture surface Atomic Absorption Spectroscope (AAS) was used, 10 cm of the suture completely dissolved in 50 ml of sulphuric acid. The obtained silvercontaining solution in such media was then determined for the actual content of Ag NPs by AAs [12] .
D. Antibacterial Test
The antibacterial activity of samples was tested according to SN 195920-1994 , Using agar diffusion test. The antibacterial effect of treated sutures was analyzed against Staphylococcus aureus (S. aureus), a pathogenic Gram-positive bacterium, as it is the common bacteria that cause cross-infection in hospitals, and Escherichia coli (E. coli) a Gram-negative bacterium which is resistant to common antimicrobial agents [11] . Fig.1 (a) shows the surface of untreated PET suture, Fig.1  (b) clearly confirms the deposition of Ag NPs aggregated along the sutures surface in an uniformly distribution.
III. RESULTS AND DISCUTION
A. Surface Morphology
SEM results reveal also that; the alkaline hydrolysis increases the diameter of the monofilaments from 13.56 to 14.58 μm, and the mean diameter of suture from 725.6 to 756.8 μm, as the polymer chains elongate due to the swelling action. Fig.2 show EDX pattern of the elemental analysis of treated PET surface. The spectrum clearly shows the presence of silver peak. So, it is an evidence for succeeding on synthesis of Ag NPs on the suture surface. 
B. EDX
C. XRD Analysis
The presence and the crystalline structure of silver particles formed in PET suture surface were confirmed by XRD as shown in Fig.3 , as evidenced by the peaks at 2θ values which corresponding to (111), (200), (220) and (311), respectively Bragg reflections of silver, these sets of angles can be indexed as the band for face center cubic in nano structures of Ag . 
D. Fourier Transform Infrared Spectroscopy
The intensity of characteristic peaks ascribed to O─H (hydrogen bond) at 3435.56 cm-1 and the peak attributed to C═O (carboxylic acid) at 1713 cm-1 was increased as shows in Fig.4 . This proves the production of hydroxyl (─OH) and carboxyl (─COOH) functional groups on the fiber surface increasing the formation of linkage between silver and polymer chains, this linkage increase the stability of Ag NPs in the PET suture surface. FTIR also confirms the increasing in suture diameter showing in some pictures in due to change in function group of PET polymer matrix. 
E. Weight loss
An increase in weight loss is a clear indication of polymer degradation. Alkaline hydrolysis of PET fabrics with sodium hydroxide causes topochemical degradation of the fiber surfaces making cracks and holes voids created on the fiber surface causing weight reduction [13] . The weight loss in the three concentrations respectively 1.34%, 0.848%, 0.66 %. It is obvious that the increasing in nanosilver concentration reduce the weight loss . We can explain this that the increase of silver nitrate amount reduce the degradation of PET surface. Table I shows the real amount of Ag NPs after treatment of RET1, PET2 and PET3. 
F. Real Ag NPs amount
G. Antibacterial Test
Samples of the test sutures were placed on nutrient agar plates, which were inoculated with the intended test bacteria for overnight at 37ᵒC. The test was carried out for about for 3 days.
The Zone of inhibition values for untreated and treated PET sutures against E. coli and S. aureus are presented in Table II . For the untreated silk sutures, no zone of inhibition was found against both E. coli and S. aureus. It was observed that the zone of inhibition of S. aureus bacteria was greater compared to that for E. coli. Generally, increasing Ag NPs particle concentration increases the activity. The inhibition zone doesn't change during the three days experimental time indicating very low release of Ag NPs which can be considered as an advantage in our case. 
IV. CONCLUSION
We succeed to treatment commercial PET sutures with nanosilver bioactive coatings by alkaline hydrolysis as fabricated here is a good method to give a good resistant against against S. aureus, E. coli. 
